Abstract -Introduction. Turkey potentially has a very rich source of sweet (Prunus avium) and sour (P. cerasus) cherries. P. avium is apparently native to some parts of Northern Turkey, where Giresun is located. Identification of the sweet cherry cultivars produced in Turkey will help in choosing appropriate cultivars and aid in the preservation of natural resources required for breeding studies. The most conventional method of cultivar identification is based on the assessment of morphological characteristics. However, this method is insufficient to distinguish closely related cultivars. The aims of our study were to determine the molecular profile of sweet cherry accessions grown in Giresun, Turkey, and to determine their genetic relationships. Materials and methods. In our study, we identified 44 sweet cherry accessions grown in Giresun by using genetic markers (SSR, Simple Sequence Repeat), and we determined the genetic relationships among the sweet cherry genotypes. For DNA isolation, we collected young leaves sampled on a single plant per accession, then amplification of microsatellite loci was performed. In total, ten SSR primer pairs, previously isolated from peach and sweet cherry, were used. Genetic similarity values were calculated. A cluster analysis was performed to generate a dendrogram. Results and discussion. Of the ten primers tested, six primer pairs did not result in suitable amplification products with the 44 accessions studied. The remaining four polymorphic SSR primer pairs produced 33 alleles with an average of 8.25 putative alleles per locus, ranging from 7 to 11. Depending on the accessions, similarity ratios ranged from 0.32 to 0.98, with a mean value of 0.64. In conclusion, the results obtained demonstrate a high level of polymorphism among sweet cherry genotypes from a single province in Turkey.
Introduction
Anatolia is the motherland of sweet cherries [1] . It has been stated that Turkey potentially has a very rich source of sweet (Prunus avium) and sour (P. cerasus) cherries [1] [2] [3] [4] [5] [6] . The sweet cherry is apparently native to some parts of Northern Turkey [7] , where Giresun is located. In Turkey, many cherry genotypes and local cultivars could contribute to the domesticated sweet cherry. Unfortunately, some of these genetic resources have become extinct, but those that remain may be genetic resources for breeding studies striving to improve traits such as resistance, developing new cultivars, improving fruit quality and extending the cherry production season.
There are about 1,500 cultivars of sweet cherry in the world. The names of the cherry cultivars are much more complicated than those of any other cultivars of fruit. Some cultivars are highly similar. Although sometimes the same cultivars are called different names, it is also the case that sometimes different cultivars are called by the same name [1, 2] . For this reason, cultivars and types of sweet cherry show a great variability in Anatolia. Identification of the sweet cherry cultivars produced in Turkey will help in choosing appropriate cultivars and aid in the preservation of natural resources required for breeding studies.
The most conventional method of cultivar identification is based on the assessment of morphological characteristics. However, this method is insufficient to distinguish closely related cultivars. Furthermore, variation in biochemical characteristics (e.g., isozymes) can be useful for the determination of cultivar identity [8, 9] . However, it has been shown that the isozyme polymorphism level is low in sweet cherries [10] . In recent years, new methods that can detect differences at the genomic level have been developed. For example, RAPD (Random Amplified Polymorphic DNA) has been used for identifying and determining the relationships among cultivars [11] . Yang and Schmitt distinguished mutant cherries and their parents using RAPD primers [12] . Corona et al. [13] and Gerlach and Stösser [14] genetically identified 15 and 18 sweet cherry cultivars, respectively, using RAPD fingerprints. RAPD and SSR methods have also been successfully used in Turkey in order to identify sweet cherry and sour cherry cultivars [1, [4] [5] [6] 15] . Additionally, DNA fingerprinting methods including SSR [16] [17] [18] and AFLP [10, 16, 18, 19] have been used for cultivar identification in sweet cherry.
The aims of our study were to determine with SSR markers the molecular profile of 44 sweet cherry accessions grown in Giresun, Turkey, and to determine their genetic relationships.
Materials and methods

Plant materials
The sweet cherry genotypes that we examined in our studies have been grafted onto different cherry rootstocks (Gisela5, Gisela6, and Mazzard) and preserved in the orchard of the Karadeniz Agricultural Research Institute (Samsun, Turkey). We used 44 sweet cherry accessions as plant material (table I). They were collected from Giresun (Turkey), one of the centers of sweet cherry cultivation (figure 1).
DNA isolation
For DNA isolation, young leaves were collected from a single plant for each accession; they were frozen in liquid nitrogen and stored at -80°C. Genomic DNA was isolated from the leaves using the DNeasy Plant Mini Kit (QIAGEN, GmbH, Germany) according to the manufacturer's instructions. DNA concentrations were measured using a spectrophotometer. DNA was diluted in water to a final concentration of 50 ng·µL -1 and stored at -20°C.
PCR amplification of microsatellite loci
DNA amplification was performed in a volume of 25 µL, containing 20 Taq DNA Polymerase (Promega M1665, Promega Corporation, Madison, WI, USA), and 3.375 µL ddH 2 O (nuclease-free). The amplifications were performed in an Eppendorf Mastercycler Gradient programed for 3 min at 94°C for initial denaturation, then 35 cycles of 30 sec at 94°C for denaturation, 30 sec at 50-58°C for annealing (annealing temperature was determined for each primer pair specifically) and 30 sec at 72°C for polymerization, followed by a final polymerization step of 7 min at 72°C.
In total, ten SSR primer pairs, previously isolated from peach and sweet cherry, were used for DNA amplification (table II).
The amplified products were separated in a 6.0% polyacrylamide gel in a Sequi-Gen ® Sequencer (BIO RAD Laboratories Inc., USA), run at 80 W for 2.5 h and stained with the Silver Sequence Staining System (Promega, Madison, WI, USA). The molecular sizes of the amplification products were estimated using a 10-bp ladder (Gibco BRL, Rockville, MD, USA).
Data analysis
For each primer pair, SSR fragments were scored as present (1) or absent (0). Genetic similarity values were calculated by Dice coefficients [22] . Unweighted Pair-Group Method Analysis (UPGMA) was performed to generate a dendrogram with NTSYS-pc software, version 2.02i (Exeter Software, Stauket, New York, NY, USA).
Results and discussion
In our study, of the ten primers tested, six primer pairs (PS08E08, PceGA77, PceGA34, PS12A02, PceGA25 and PMS30) did not result in suitable amplification products with the accessions studied. Four polymorphic SSR primer pairs produced 33 alleles with an average of 8.25 putative alleles per locus, ranging from 7 (Pchpgms3) to 11 (PMS2) ( [5] (12.6 alleles per locus). Kaçar reported that, in sweet cherry, the number of alleles per locus ranges according to the number of genotypes [2] . A higher number of genotypes . Obtaining a higher number of alleles per locus verified that there is a higher variability among the investigated sweet cherry genotypes in our research.
The PMS2 primer pair, isolated from sweet cherry, produced 11 alleles. PMS2 is the most informative primer pair used in our study ( [4] . The amplification of microsatellite loci in sweet cherry was possible with peach microsatellites but SSR primers that were isolated from sour cherry (PceGA77, PceGA34 and PceGA25) were uninformative for sweet cherry cultivars. This could be due to the different position of sour cherry in relation to sweet cherry in Prunus phylogeny.
The similarity index among the accessions and their dendrogram was constructed with respect to the 33 markers obtained from the use of the four primer pairs Pchpgms3, PMS2, PMS3 and PMS67 (table III) . This study showed that all the investigated accessions (except 'E2' and 'E3') were clearly distinct from one other by using these four SSR primer pairs. 'E2' and 'E3' genotypes yielded very similar patterns, suggesting either they are identical genotypes or we did not have enough markers to detect variation between these genotypes. All the sweet cherry genotypes obtained from Giresun, Turkey, showed a high genetic variability (figure 2).
The dendrogram was divided into two major groups with a similarity of 0.51 (figure 2) . Most of the sweet cherry genotypes were placed into the first group while only two genotypes ('GM9' and 'GM11') were placed into the second group. The 'GM9' and 'GM11' sweet cherry genotypes showed distant genetic relatedness to the other sweet cherry genotypes investigated in our study; thus, they were separated from each other with a similarity value of 0.69.
The other investigated genotypes placed in the first group were divided into two groups with a similarity of 0.62.
The "E1", "E2", 'E3', 'E4', 'E5', 'E6', 'E7' and 'E8' accessions (obtained from Eynesil County) were restricted to the second cluster. The highest similarity value was determined as 0.98 between the 'E2' (possibly synonymous with 'E3') and 'E6' genotypes, and the lowest similarity value in this cluster was 0.76 ('E4').
The 'Y6' and 'ES3' genotypes were distributed among the remaining sweet cherries with a similarity of 0.63. The resemblance value of these two genotypes was determined to be 0.83.
The genotypes in the first group were divided into two subgroups with a similarity value of 0.63. Sixteen genotypes ('T1', 'T3', 'T2', 'T5', 'P2', 'G2', 'Y4', 'GM10', 'GM1', 'S2', 'S3', 'P4', 'GM4', 'B1', 'T4' and 'Y1') were placed into the first subgroup, while fifteen genotypes ('P1', 'P3', 'GM8', 'B2', 'S1', 'P5', 'GM7', 'GM3', 'GM2', 'Y2', 'G1', 'GM5', 'GM12', 'Y6' and 'ES3') were placed into the second subgroup.
In the first subgroup, the highest similarity value determined was between the 'T1' and 'T3' genotypes (0.92), while the lowest similarity value was 0.67. In the second subgroup, the highest and the lowest similarity values were 0.88 (between 'P1' and 'P3') and 0.63 ('Y6', 'ES3' and the other genotypes in the second subgroup), respectively. Some morphological and phenological properties are reported (table IV) . In most cases, the clusters were not in agreement with the morphological and phenological properties (table IV, figure 2 ).
In the 44 sweet cherry genotypes investigated, similarity ratios ranged from 0.32 (between 'E2' and 'GM11') to 0.98 (between 'E6' to 'E2' and 'E3'), with a mean value of 0.64. The results acquired show that Turkey has a rich source of genetic variability in terms of sweet cherry, confirming the results of previous studies [1] [2] [3] [4] [5] [6] . In conclusion, our results demonstrate a high level of T. Demir et al.
Table IV.
Morphological and phenological properties of 44 sweet cherry accessions from Giresun, Turkey.
polymorphism among sweet cherry genotypes from a single province.
The findings of this research will contribute to preservation of natural resources and to breeding studies in the future. The identified and preserved genotypes will be used to select new cherry cultivars.
